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Minimizing radiation exposure to the
vascular surgeon
Omar P. Haqqani, MD, Prakhar K. Agarwal, BA, Neil M. Halin, DO, and Mark D. Iafrati, MD, Boston,
Mass
Objectives: To determine radiation exposure for members of an endovascular surgery team during imaging procedures by
varying technique.
Methods: Digital subtraction angiography imaging of the abdomen and pelvis (Innova 4100; GE, Fairfield, Conn) was
performed on cadavers, varying positioning and technique within the usual bounds of clinical practice. Radiation
exposure was monitored in real-time with dosimeters (DoseAware; Philips, Andover, Mass) to simulate the position of
the operator, assistant, and anesthesiologist. The DoseAware system reports radiation exposure in 1-second intervals.
Three to five consecutive data points were collected for each imaging configuration.
Results: Operator radiation exposure is minimized with detector-to-patient distance<5 cm (2.1 mSv/h) in contrast to 10 to
15 cm (2.8 mSv/h); source-to-image distance of <15 cm (2.3 mSv/h) in contrast to 25 cm (3.3 mSv/h). Increasing image
magnification from0 (2.3mSv/h) to 3 (0.83mSv/h) decreases operator exposure by 74%. Increasing linear image collimation
from 0 (2.3 mSv/h) to 10 cm (0.30mSv/h) decreases operator exposure by 87%. The anesthesiologist’s radiation exposure is
11% to 49% of the operator’s, greatest in the left anterior oblique (LAO) 90 degree projection. The assistant’s radiation
exposure is 23% to 46% of the operator’s. The highest exposure to the operator was noted to be in the LAO 90 degree
projection (30.3 mSv/h) and lowest exposure with 10-cm vertical collimation (0.28 mSv/h).
Conclusions: Varying imaging techniques results in different radiation exposure to members of an endovascular surgery
team. Knowledge of the variable intensity of radiation exposure may allow modification of the technique to minimize
radiation exposure to the team while providing suitable imaging. (J Vasc Surg 2012;55:799-805.)
Clinical Relevance: The increased utility of endovascular procedures has exposed interventionalists to potentially high
levels of occupational radiation. This study demonstrates that the magnitude and distribution of scatter radiation can be
measured to the operator, assistant, and anesthesiologist under various fluoroscopic imaging conditions and techniques.
Knowledge of the various angiographic parameters and their impact in scatter radiation levels can help operators utilize
the dose reduction techniques and incorporate them in their routine practices.
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aAdvancements in endovascular techniques and thera-
pies have expanded treatment options for patients, making
endovascular interventions more common. The increased
utility of endovascular procedures has exposed interven-
tionalists to potentially high levels of occupational radia-
tion.1-5 Principles to minimize radiation exposure with
regard to time, distance, and shielding are often difficult to
fully implement due to examination complexity, required
proximity of the operator to the patient, and the need to
maintain a sterile field. Increases in interventional proce-
dure difficulty, volumes, and workload also contribute to
the high radiation exposure levels.6
Studies have found a 13-fold variation between the high-
est and lowest effective radiation dose for the same imaging
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doi:10.1016/j.jvs.2011.08.055echnique within and across institutions, highlighting the
ariation of radiation exposure and need for standardization.7
hort-term adverse effects of radiation exposure include skin
rythema, cataracts, permanent epilation, and delayed skin
ecrosis,whereas the long-term risksmay involve cancer of the
hyroid, central nervous system, skin, and breast.8-11 Al-
hough radiologic imaging is essential for endovascular proce-
ures, attempts to reduce radiation exposure are essential in
iew of the carcinogenic potential.
The goal of this study was to measure and better under-
tand the magnitude and distribution of scatter radiation at
he operator, assistant, and anesthesiologist’s standard posi-
ions under various fluoroscopic imaging conditions. These
onditions included use of selectable angiography equipment
eatures such as collimation, obliquities, source detector dis-
ance, magnification, and table height.
ETHODS
Various clinical imaging conditions typical in interven-
ional procedures were simulated using a male, nonformal-
ehyde, non-fixed, recently deceased cadaver of body mass
ndex (BMI) 27 with no implantable prosthetic devices.
he cadaver was imaged with a fixed C-arm angiographic
ystem (Innova 4100; GE, Fairfield, Conn) equipped with
40-cm solid state detector. All scatter radiation levels were
easured during digital subtraction angiography (DSA)
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March 2012800 Haqqani et alimaging under automatic exposure control. The generator
technique was set at “Adult Abdomen Aorta.” This tech-
nique utilizes a base of 0.1 mm/Cu and 85 kV tube voltage
when set to the low detail level and 0 mm/Cu on normal
detail. Technique and filtration vary dynamically based on
the manufacturer’s dose curve trajectories. Baseline index
anteroposterior (AP) imaging to mimic a typical clinical
geometric configuration was defined by distance from the
floor to the table top (table height) at 90 cm, source-to-
image distance at 52 cm, open horizontal and vertical
collimation, detector height was 10 cm above the cadaver
exit surface, 40-cm field of view (FOV), radiation field
centered over the pelvis region, and automatic exposure
control with 85-kVp tube voltage, four frames per s (fps)
with 0 magnification.
Scatter radiation rates were recorded with threeDoseA-
ware (DoseAware; Philips, Andover, Mass) badges posi-
tioned at 5 ft above the floor to simulate exposure to the
upper body at standard positions for the operator, assistant,
and anesthesiologist at the right side of the angiography
table (Fig 1). DSA imaging was performed with pulsed
fluoroscopy at 30 pulses per second for a total of 10-second
durations by varying one angiographic parameter while
maintaining all other imaging variables constant. Adjustable
variables included table height, detector height, horizontal
collimation, vertical collimation, left anterior oblique (LAO)/
right anterior oblique (RAO) angulation, cranial/caudal an-
gulation, and magnification. No radiation shielding was used
throughout the study. Iso-dose curves were generated using
interpolation from the measured data points.
Data analysis. Data were collected from the DoseA-
ware dosimeter badges and extracted using the DoseMan-
ager software (Philips). Custom macro programming was
devised to timestamp imagingmaneuvers and synchronized
with measured dosage readings. Each exposure generated
eight to 10 data points with a characteristic upslope until
reaching a plateau. Three to five data points reflecting the
plateau segment were collected for each varying angio-
graphic parameter. The data were entered and analyzed in
Fig 1. Standard position for operator, assistant, and anesthesiol-
ogist in the interventional suite positioned to the right of the
patient.Graphpad Prism 5 (GraphPad Software, La Jolla, Calif). eata points were analyzed for statistical significance with
um-of-squares F test.
ESULTS
Effects of horizontal collimation. Horizontal colli-
ators of 1 cm at each margin translated to a 2-cm total
ollimation value. Increasing horizontal collimation de-
reases the field of view in the horizontal plane linearly.
ncreasing horizontal collimation in 2-cm increments (0¡
0 cm) decreased scatter radiation levels for the operator,
ssistant, and anesthesiologist (Fig 2). The operator had
he greatest decrease in exposure to scatter radiation com-
ared with the assistant and anesthesiologist. At 2-cm
orizontal collimation (36-cm FOV), the assistant and
nesthesiologist exposure is 50% and 13% of the operator
ose (1.87 mSv/h), respectively. Operator exposure to
catter radiation decreased by 86% when horizontal colli-
ation was increased from 0 to 10 cm (2.3 mSv/h¡ 0.32
Sv/h), assistant by 80% (0.93 mSv/h ¡ 0.13 mSv/h),
nd anesthesiologist by 96% (0.77 mSv/h¡ 0.04 mSv/h).
he greatest exposure to all members occurs when there is
o horizontal collimation.
Effects of vertical collimation. Vertical collimators
f 1 cm at each margin translate to a 2 cm total collimation
alue. Increasing vertical collimation decreases the field of
iew in the vertical plane linearly. Increasing vertical colli-
ation in 2 cm increments (0¡ 10 cm) decreased scatter
adiation levels for the operator, assistant, and anesthesiol-
gist (Fig 3). The operator had the greatest decrease in
ig 2. Effects of horizontal collimation on radiation scatter expo-
ure to the operator, assistant, and anesthesiologist in digital
ubtraction angiography (DSA) imaging.xposure to scatter radiation compared with the assistant
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Volume 55, Number 3 Haqqani et al 801and anesthesiologist. At 2 cm vertical collimation (36 cm
FOV), the assistant and anesthesiologist exposure is 45%
and 23% of the operator dose (1.73 mSv/h), respectively.
Fig 3. Effects of vertical collimation on radiation scatter exposure
to the operator, assistant, and anesthesiologist in digital subtrac-
tion angiography (DSA) imaging.
Fig 4. Effects of cranial/caudal angulation on radiation scatter
exposure to the operator, assistant, and anesthesiologist in digital
subtraction angiography (DSA) imaging.Operator exposure to scatter radiation decreased by 88% rhen vertical collimation was increased from 0 to 10 cm
2.3 mSv/h ¡ 0.28 mSv/h), assistant by 89% (0.93
Sv/h¡ 0.10 mSv/h), and anesthesiologist by 92% (0.77
Sv/h ¡ 0.06 mSv/h). The greatest exposure to all
embers occurs when there is no vertical collimation.
Effects of cranial/caudal projections. From the in-
ex position varying from 20 degree cranial to 20 degree
audal in 10 degree increments resulted inmarked variation
n radiation exposure at each monitored position (Fig 4).
adiation scatter dosage is maximum at the 20 degree
ranial projection for the operator (3.11 mSv/h) and assis-
ant (1.47 mSv/h). Radiation scatter dosage is least for the
perator and anesthesiologist at the 10 degree caudal pro-
ection (1.53 mSv/h) and (0.67 mSv/h), respectively.
inimal scatter radiation dosage for the assistant is at the
0 degree caudal projection (0.76 mSv/h).
Effects of LAO/RAO projections. Increasing LAO
ngulation (0 ¡ 90 degrees) resulted in an increase in
catter radiation dosage for the operator, assistant, and
nesthesiologist (Fig 5). The operator receives the highest
catter radiation dose (30 mSv/h) in the 90 degree left
ateral projection. The operator receives the lowest scatter
ose in the AP view (2.3 mSv/h). Between 0 and 30
egrees in the left oblique projections, the operator receives
ower doses of scatter radiation (2.3 mSv/h ¡ 6.16
Sv/h) than between projections of 30 to 90 degrees
6.16mSv/h¡ 30.3mSv/h). Similar scatter dosing trends
re found for both the assistant and anesthesiologist.
Increasing RAO angulation between 0 and 90 degrees
ig 5. Effects of left anterior oblique (LAO)/right anterior
blique (RAO) angulation on radiation scatter exposure to the
perator, assistant, and anesthesiologist in digital subtraction an-
iography (DSA) imaging.esulted in an increase in scatter radiation for the operator,
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March 2012802 Haqqani et alassistant, and anesthesiologist. The operator received the
highest scatter radiation dose (16.8 mSv/h) in the 90
degree right lateral projection. The operator receives the
lowest scatter radiation dose in the 30 degree right oblique
projection (0.66 mSv/h). Between 0 and 30 degrees in the
right oblique projections, the operator receives lower doses
of scatter radiation (2.3 mSv/h ¡ 0.66 mSv/h) than
between projections of 30 to 90 degrees (0.66 mSv/h ¡
16.8 mSv/h). Similar scatter dosing trends are found for
both the assistant and anesthesiologist.
Effects of detector distance. Increasing detector
height from 0 to 20 cm from the cadaver resulted in an
overall increase in scatter radiation levels for the operator
(2.18 mSv/h ¡ 2.65 mSv/h) and the assistant (0.93
mSv/h ¡ 1.24 mSv/h) (Fig 6). At the anesthesiologist
distance of 6 feet, increasing detector height resulted in no
increase in scatter radiation levels. The operator received
the highest amount of scatter radiation at all detector
heights compared with the assistant and anesthesiologist.
Effect of height of table. Increasing the table height
up to 25 cm from the index position while maintaining the
detector distance resulted in an increased scatter radiation
exposure to the operator (2.3 mSv/h¡ 3.96 mSv/h) (Fig
7). The levels of scatter radiation that the assistant and
anesthesiologist received did not vary much with varying
table height.
Effects of magnification. Increasing image magnifi-
cation from 0 to three decreases scatter radiation exposure
to the operator, assistant, and anesthesiologist (Fig 8).
Maximum scatter radiation exposure to the operator is at
Fig 6. Effects of detector distance on radiation scatter exposure
to the operator, assistant, and anesthesiologist in digital subtrac-
tion angiography (DSA) imaging.no magnification (2.30 mSv/h) and least to the operator at faximum magnification (0.83 mSv/h). Similar trends are
ound for both the assistant and anesthesiologist.
ISCUSSION
Scatter radiation exposure to interventionalists during
ypical angiographic maneuvers has not been quantitatively
valuated in any study to date. The use of a nonformalde-
yde fixed, recently deceased cadaver with no implantable
rosthetic devices maintains similar water content and bony
ensities to viable patient tissue. The use of fresh cadavers is
reliable model to evaluate the real-time effects of scatter
adiation. Exposure risks to patients, however, during in-
erventional procedures have been well defined.3,12,13 The
ccupational radiation to the vascular interventionalists is a
eal exposure risk. Lifetime cumulative radiation exposure
hould not exceed 400 mSv, which translates to an in-
reased cancer risk of one in 250.14 At cumulative radiation
oses of 100 mSv, the risks of cancer become statistically
vident.14 The annual dose for an interventionalist per-
orming 100 peripheral angiographic procedures per year
as been estimated at 40 mSv to the hands and fingers and
0 mSv to the eye and head.15 During a typical 40-year
areer, the total dose to unexposed body surfaces rapidly
xceeds the lifetime threshold dose for radiation exposure.
he short-term adverse effects of radiation exposure in-
lude skin erythema, cataracts, permanent epilation, hair
oss, and delayed skin necrosis, whereas the long-term risks
ay involve cancer of the thyroid, central nervous system,
kin, and breast.8-11 Therefore, it is imperative that good
echnique is a habit and that the hands and fingers are kept
ig 7. Effects of table height on radiation scatter exposure to the
perator, assistant, and anesthesiologist in digital subtraction an-
iography (DSA) imaging.rom the field of view at all times.16 It is possible for
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Volume 55, Number 3 Haqqani et al 803personnel to reduce occupational radiation exposure with
careful attention to their actions during an interventional
procedure.17
Radiation exposure during interventional procedures
arises from three different methods of ionizing exposure:
the primary x-ray beam, scattered x-rays, and leakage x-
rays. The primary beam is in the direct line between the
x-ray tube and the detector and is as wide as the collimated
area. Exposure to the primary x-ray beam may occur when
the operator manipulates devices positioned within the
imaging FOV. Dose rates in this region are in the range of
5 to 20 mGy/h where the x-ray beam exits the patient
during fluoroscopy.18 Scattered x-rays are produced within
the patient tissue when exposed to the primary x-ray beam.
These x-rays travel in all directions originating from the
patient. Scatter dose rates are typically 1 to 10 mGy/h at
the operator’s position.18 The third source of radiation is
leakage x-rays that are emitted from the x-ray tube in areas
other than the actual emitter. Equipment regulations limit
the maximum leakage level to 1 mGy/h at 1 m from the
x-ray tube for maximum operating kVp and continuous
mA.19 All three types of radiation are only present while the
x-ray switch or foot pedal is engaged. Scatter levels decrease
Fig 8. Effects of magnification on radiation scatter exposure to
the operator, assistant, and anesthesiologist in digital subtraction
angiography (DSA) imaging. The increased utility of endovascular
procedures has exposed interventionalists to potentially high levels
of occupational radiation. This study demonstrates that the mag-
nitude and distribution of scatter radiation can be measured to the
operator, assistant, and anesthesiologist under various fluoroscopic
imaging conditions and techniques. Knowledge of the various
angiographic parameters and their impact in scatter radiation levels
can help operators utilize the dose reduction techniques and
incorporate them in their routine practices.in proportion to the inverse squared distance from the yrradiated patient volume. Scatter radiation is concentrated
n the area below the procedure table directed toward the
perator’s legs.18 This distribution is caused by higher
evels of unattenuated backscatter from the patient and
able. Forward scattered x-rays from the first few centime-
ers of tissue depth are heavily attenuated by the rest of the
atient tissue, resulting in higher scatter radiation levels in
he region back toward the emitter. Similarly, for a lateral
rojection, the highest radiation area will be on the side
djacent to the emitter. Direct beam dose is easily avoided
ith standard maneuvers. Equipment radiation leakage is
ot avoidable by operator techniques but requires appro-
riate protection garments and maintenance evaluation
onforming to regulations. The best way to reduce the risks
o the interventionalists is to pay attention to the effects of
catter radiation. Whereas specific interventions to mini-
ize radiation exposure to the patient are well defined, the
ethods to minimize radiation to the operator have been
he focus of this study.
Reducing the imaging field of view using collimation is
knownmaneuver to decrease scatter radiation exposure to
he operator at a cost of increased patient skin entrance
ose. In our imaging system, the relationship between
osage and degree of collimation is linear such that, the
east amount of exposure toward the operator was with
aximized vertical and horizontal collimation. Focusing
he direct radiation field to a small area within the patient
llows for a larger volume of the patient’s tissues to atten-
ate the scatter before exiting the patient. Vertical and
orizontal collimations provide additive benefit in reducing
catter radiation and are independent variables of each
ther. The operator should judiciously use collimation to
inimize the scatter radiation exposure. Focus the image
n your area of interest.
Reduced scatter dosages to the interventional team
ere observed in moving from cranial to caudal projec-
ions. Maximizing caudal angulation had the least scatter
or all staff. Such may be explained by the angulation of the
mitter under the table with reflection of unattenuated
ackscatter from the patient and table directed toward the
perator and staff. The operator received the largest scatter
adiation dose at all cranial and caudal projections com-
ared with the assistant and anesthesiologist. Staff exposure
s minimized with maximum caudal angulation.
Extreme gantry angulations in the RAO and LAO
rojections (30 degrees) resulted in marked increases in
adiation exposure to the operator. Within the 60 degree
rojections (30 degree LAO¡ 30 degree RAO), there is a
safe zone,” where the rates of scatter radiation were rela-
ively minimal. LAO angulation was far worse than RAO
ngulation when the operator was standing to the right of
he patient; thus, the greatest radiation exposure is ob-
erved when the emitter is on the same side as the operator.
onsequently, it is critical in lateral angulated projections
hat the operator positions him or herself on the detector
ide of the patient. As a rule of thumb, use lateral imaging
paringly and when steep obliquities are required position
ourself on the detector side of the patient.
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March 2012804 Haqqani et alIncreasing detector distance from the cadaver was
noted to increase radiation exposure to the endovascular
team. One reason for this finding is that by increasing the
distance of the detector from the patient, the amount of
energy required to obtain similar image quality is higher
resulting in greater x-ray technique and hence the genera-
tion of greater scatter. In addition, the placement of the
detector close to the patient allows absorption of the scatter
by the detector assembly itself. Staff and patient exposure is
minimized by positioning the detector as close to the
patient as possible.
Raising the table height relative to a fixed emitter
source is well known to be a maneuver that decreases
overall patient skin entry exposure. However, our data
demonstrates an increased scatter dosage to the operator
measured at 5 feet from the ground. This may be ex-
plained by the closer proximity of the operator to the
patient by the raising of the angiography table. The
proximity of the operator to the patient lends itself to
greater exposure to scatter radiation at the 5 feet level.
This is important considering the head and eyes, which
are generally not shielded. Operator exposure is mini-
mized while decreasing table height even though this
may result in increased radiation exposure to the patient.
Interventionalists need to be aware that raising the table
height to diminish the exposure risk to the patient
increases their own occupational exposure rates. In this
scenario, alternate maneuvers may be required to miti-
gate the risks to the operator, including religious use of
thyroid shields and leaded glasses.
Although it is generally taught that increasing magni-
fication increases patient skin entry dose, our study found
that an increase in magnification decreased the scatter dose
to the operator. The increased dose to the patient does
increase scatter, but the more tightly collimated beam
allows a greater tissue volume to attenuate the scatter. If the
increase in dose needed to provide adequate photon detec-
tion is not exactly balanced with the increased scatter, one
factor may predominate.
There exists in the literature studies demonstrating
wide variation between the highest and lowest effective
radiation dose for the same imaging technique within the
same institution.7 In our study, the highest exposure to the
operator was noted to be in the LAO 90 degree projection
(30.3 mSv/h) and lowest with 10-cm vertical collimation
(0.28 mSv/h) translating to a 108-fold difference in radi-
ation scatter exposure. This highlights the potential of
using good technique in minimizing the exposure risks.
Therefore, we suggest that all endovascular teams evaluate
their angiographic practices for their cases to determine
scatter dynamics in their own endovascular suites. Reduc-
ing exposure to all members of an endovascular surgery
team would be minimized by leaving the angio suite during
acquisition of subtracted images. Although leaded vests,
collars, glasses, aprons, and glass shields can afford consid-
erable attenuation of radiation scatter dosage, the extrem-
ities, face, and head remain exposed to the effects of scatter
radiation. Radiation shielding was not used in this study sos to evaluate the baseline radiation scatter dynamics such
hat specific maneuvers can be evaluated. While these prac-
ice guidelines can be generalized, they should bemeasured
n your own environment and may help in efforts to mini-
ize the risk to your team.
ONCLUSIONS
Understanding scatter radiation dynamics for the inter-
entionalists is critical in reducing occupational radiation
xposures. Techniques to reduce scatter radiation to the
nterventional team include maximizing use of collimation,
se of caudal angulation when possible, minimizing ex-
remes of angulation, and when steep obliquities are re-
uired, positioning yourself on the detector side of the
atient, and positioning the detector as close to the patient
s possible with judicious use of magnification. Raising the
able height diminishes the exposure risk to the patient
hile increases your own occupational exposure rates ne-
essitating strict use of thyroid shields and leaded glasses.
nowledge of these various angiographic parameters and
heir impact in scatter radiation levels can help operators
tilize the dose reduction techniques described herein and
ncorporate them in routine practices.
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